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A U. S. BUILDING SYSTEM:
AN EXPERIENCE AND LESSONS TO BE LEARNED 
By
sepp firnkas*
1. PROB LE M
Th e  r e b u i l d i n g  of la rg e s e c t i o n s  of our ma j o r  c i t i e s  is at 
this time a m a t t e r  of su rv iv al and r e p r e s e n t s  an effort of 
s t ag ge ri ng m a g n i t u d e  that ca n  no long er be put off. A l ­
ready in 1949 the fede ra l ho u s i n g  act stat ed as its aim:
"A decent home and a su it ab le livi ng en vi ro nm en t for ev er y 
A m e r i c a n ..."
Su rv ey in g our c i ti es today, twen ty ye ar s later, it becomes 
ob vi ou s that w e  are far from this goal and, in fact, the 
need for d e ce nt ho using is gr e a t e r  today than it wa s in 
1 949.
2. Increase speed and quantity of production
3. Increase efficiency and decrease cost of labour.
4. Increase quality of product
5. Ability to puschase in bulk
6. Ability to cope with fluctuating money market
7. Ability to capitalise on experience and implement 
it on research and development.
8. Ability to reform outdated codes.
9. Ability to build acceptance for new and innovative 
products.
However, in th e meantime, n u m e r o u s  r e d e v e l o p m e n t  a u t h o r i ­
ties and a g e n c i e s  ca me into e x is te nc e, de fi ni ng m o r e  s p e ­
ci fi ca ll y, t h e  number of d w e l l i n g s  re qu ir ed and r e la te d 
problems, and it now beco me s cl ea r the the H o us in g Act of 
1949 po se s a gi ga nt ic pr o b l e m  for which ar ch i t e c t s ,  e n g i ­
neers, and the bu il di ng t r ad e in its pres en t wa y of t h i n k ­
ing, me th od s, and ca pa ci ty ar e not ready. It is also quite 
clear that a p p l i c a t i o n  of m e t h o d s  and op e r a t i o n s  which have 
long since so su cc es sf ul ly a p p l i e d  to o t he r p r o d u c t i o n  s e c ­
tors of the ec on om y, must be b r ou gh t to be ar up on c o n s t r u c ­
tion - the i n c r e a s e d  " i n d u s t r i a l i z a t i o n "  of the fi ni sh ed 
c o n s t r u c t i o n  product. "P RO D U C T I O N "  must su pp la nt the term 
c o n s t r u c t i o n  w i t h  re spect to f i n i s h e d  bu ildings.
Re ca ll in g c o n t e m p o r a r y  r e al it ie s, co n s e r v a t i v e  as s u m p t i o n s  
and p r o b a b i l i t i e s  the futu re d e m a n d s  for c o n s t r u c t i o n  are 
rather al ar mi ng :
The nation n e e d s  right now 2 6 , 0 0 0 , 0 0 0  new d w e l l i n g  units 
to be built.
By 1985 the p o p u l a t i o n  i n c r e a s e  w i l l  reach the 26 0 Mill, 
mark .
At this time 20 Mill, new ho us e ho ld s will have formed n e ­
eding 20 Mill, more apartments.
In the year of 2000 the U.S. po p u l a t i o n  m a y  we ll reach 
300.000,000.
Income: 20 $ of fa mi li es of four (4) earn less then *5,000
at t h is time.
40 to 50$ earn b e t w e e n  *5,0 00 and *8 , 0 0 0  per year.
Th e s e  fa mi li es do not q u al if y for p u bl ic housing -
but the income is not e n o u g h  to be ab le to affo rd
a d e q u a t e  housing in the priv at e market.
The best known federal programs 221 (d) (3) middle income
housing and 236 have produced but a drop in the bucket 
compared to the need.
The result is virtually no new housing available for low 
income people and by now, so the Douglas Report "Building 
the American City - Agenda for Action", states: Some 7.5 
million families live in substandard housing, housing with­
out adequate plumbing, dilapidated, unsanitary and in poor 
repair. Mary more live in overcrowded tenements. Intricate 
problems arise with the development and redevelopment of ur­
ban complexes in terms of city planning, aon ing perform­
ance of building materials, codes, maintenance, flexibility, 
fire safety, rent levels, FHA regulations, etc... to which 
answers within the economically feasible range must be 
found. There are hurdles of land acquisition, title re­
search, bank rules and regulations. Moreover it is usually 
at least two years from the acquisition of land until gro­
und is broken and for conventional construction an other 
two years before anyone moves in. The average size of these 
projects is about 200 units. Obviously the housing gap will 
never be closed this way. It is vitally necessary to mod­
ernise the building trades - introduce 20th century produc­
tion methods, up to date technology management and a sys­
tems approach. The key is management and technology and 
thus provides a neutral non political and for all accept­
able approach. At this time the management and technology 
is available. Also labor is available or can easily ba tra­
ined as production for a valid systems is to engineered as 
to use relatively low skilled people, in fact the very same 
people in need for the housing they will produce. Conven­
tional financing marketing, and administrative aspects will 
certainly have to be scrutinised and probable redesigned 
and are beyond the scope of this paper.
Translating the sum of the protlems into required funds and 
workload, we find that about 1/3 of it is directly related 
to the structure of the buildings and incidental items to 
it. Our firm, structural consultants, specialists in pre- 
fabrication, has, therefore, developed a highly industrial­
ized precast concrete structural system, the "sepp firnkas 
structural system", that provides greatest liberty and flex-, 
ibility in planning and design, the plant prefabrication 
assures a tight quality control and makes production inde­
pendent from climate and weather. Fabrication and erection 
procedures are geared toward unskilled labor, speed of con­
struction can be controlled almost at will. In addition 
the same system can be used for low-rise and high-rise build­
ings, maintaining the same level of efficiency and economy.
0MNIF0RN INC. an organization dedicated to production of 
industrialized housing incorporated the "sepp firnkas struc­
tural system" into the"Omniform total building system" which 
includes environmental design, all necessary mechanical and 
architectural subsystems and a building supply corporation
2. GENERAL RESEARCH INTO EXISTING EUROPEAN 
AND AMERICAN BUILDING SYSTEMS
The end of the Second World War left Europe in an unprece­
dented need of construction. Destroyed cities and indust­
ries had to be rebuilt while the labor force was reduced 
by heavy war-time losses. Except for a few isolated areas, 
labor was and still is at a premium. Furthermore, with an 
increasing trend towards the factory and indoor working 
conditions the construction industry had and has only lim­
ited labor resources to draw from. The key phrase, there­
fore, became: "Industrialization also in construction."
In most countries a number of different methods and systems 
developed which reduced the labor content in building, 
shifted field labor to factory employment, and increased 
the materials and work output efficiency. Hand in hand 
with this industrialization goes a highly automated pro­
duction setup, improved use of materials, and a design 
discipline unfortunately sometimes bordering on sterility.
However, with this "industrialization of buildings" the 
immediate problems of providing "a roof over each head" 
were solved and a steady improvement can be anticipated, 
especially of the housing needs.
/ 1- » — T tf M o I t a M d  fwwo af U M i  M o t]
/ (t n c t a u l  System tears Cast r/  h w  i f  ar>wo/  0— toy 
i  WUor tutorial*
facte 
te ll  tea4 
•marine






. B U X Lm  (nastia) X * * ~0\
)  M U K I  Irmaoa X x
H i m  Ira n i X * x
;  M  la*fcrl—to X * * i
> CAtm trmem X X X
X X X
v n o r  m a cs X X X X
v ■ m -e c ia A  s m *m X x « X 1
4 jm m om  Dm m X X X
X X 1
,  wm . (Steal) tea* Baa* * * /
X * X '
MS
* X
\ M e n u  m a ts X X
'AHnr r e t JSETT 5 YS TE
THE EUROPEAN SYSTEMS
At least half a hundred systems 
are available and are used t h r ­
oughout Europe. A similarity 
between many of them is obvious, 
and they can be grouped into six 
basic structural systems.
(a) Box System
(b) Closed Bearing Wall System 
(cj Open Bearing Wall System 
(d) Column - Beam - Slab System 
(a) Stud Wall, Panel, and Stress-
skin System
(f) Mobile Home (Trailer) System
Finally, the industialiaed dwelling unit, mach like a car, 
does not have to be of sterile uniformity. The market is 
much larger than for any other product and interchangeable 
subsystems can be engineered.
What industrialization of housing means is:
1. Year round employment for unskilled labour,labour 
training to achieve skill, reduction of expen­
sive and inefficient site labour.
These basic systems could alternatively be grouped into "open" 
and "closed" systems.
An open system is compatible with a number of inter changeable 
components from related systema or from coordinated supply 
sources. Furthermore, an> open system allows the use of con­
ventional construction materials and methods together with 
the components of the system.
*sepp firnkas enigneering, boston, massachusetts
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A closed system is ordinarily not compatible with other sys­
tems nor with conventional construction methods, and it does 
not permit deviations from standard plans associated with the
sy st em . This, ho we ve r, redu ce s the f l e x i b i l i t y  of the s y s t e m  
c o n s i d e r a b l y .
.3 O R G A N I Z A T I O N
B u i l d i n g  sy s t e m s  are sp on so re d and/ or m a r k e t e d  by fo u r  ty p e s  
of o r g a n i z a t i o n s :
(a) C o n t r a c t o r s  - M a n u f a c t u r e r s  - De velopers
(b) E n g i n e e r s
(c) Cl i e n t s  (Public H o us in g Ag en ci es )
(d) Owne rs - Deve lo pe rs
M a n u f a c t u r i n g  is done:
(a) In l a r g e  ce n t r a l  p l a n t s  (i nv e s t m e n t  $1.5 to $3 m i l ­
lion) fo r pe rm an en t p r od uc ti on .
(b) Small to large site i n s t a l l a t i o n s  for o n e  or s e v e r ­
al p r o j e c t s  in close v i c i n i t y  w i t h  po rt ab le q u i p -  
ment. (investment $.2 to $.1 Million)
It 'appears at th is time that about 25 to 35 % of all c o n s t r u c ­
t i o n  and about 40 to 50 %  of all a pa r t m e n t  bu i l d i n g  is b a s e d  
o n  one sy st em or another. It can be an ti ci pa te d th at th es e 
p e r c e n t a g e s  wi ll doub le w i th in the ne xt decade.
D I S A D V A N T A G E S  OF EU RO PE AN SY S T E M S
From the s u cc es s of the sy s t e m s  in 
Europe it is ob v i o u s  that they p o s ­
ses m a r k e d  a d v a n t a g e s  over the c o n ­
ve nt io na l m e t h o d s  of co ns t r u c t i o n .  
However, ap p l y i n g  their s t a n d a r d s  
to U.S. Co de s and Pr a c t i c e s  in p l a n ­
ning, co ns t r u c t i o n ,  labor, a d m i n ­
istration, and financing, a few i m ­
p o rt an t d i s a d v a n t a g e s  be cc me obvious.
F r e q u e n t  lack of po si ti ve c o n ­
n e c t i o n s  ma ke s bu i l d i n g s  v u l ­
ne r a b l e  to seis mi c loads. 
I n d i v i d u a l  un i t s  are small, a 
gr ea t nu m b e r  of co mp on en ts 
th e r e f o r e ,  m a n y  c o nn ec ti on s r e ­
sult.
L i tt le ar ch it ec tu ra l f l e x i b i ­
lity, sh or t sp an floor slabs 
and, ther ef or e, small room s i ­
zes, f r e q u e n t l y  below U.S. a c ­
c e p t a b i l i t y  and standards.
Hi gh c a pi ta l i n v e s t m e n t  for p r o ­
d u c t i o n  plant.
Wh il e these di sa d v a n t a g e s  are of no 
c o n s i d e r a t i o n  in Europe, mo st of them 
re pr es en t f o r m i d a b l e  ob st ac le s fo r  
a s u c c e s s f u l  appl ic at io n in the U.S. 
Ma jo r ch a n g e s  we re ne ce ss ar y if any 
of th e Eu ro pe an systems w e r e  to be 
imported, and a c o m p l a t e l y  new e n g ­
in e e r i n g  an a l y s i s  and c o n n e c t i o n  
c h a n g e s  re q u i r e d  c o n s i d e r a b l e  p r e -  
pa r e t o r y  work.
F i g . 1 t y pi ca l
E u r o p e a n  
Sy s t e m
3. D E V E L O P M E N T  OF THE "5 EP P FI RNKAS S T R U C T U R A L  S Y ST EM "
T h e  t e m p t a t i o n  was gr e a t  to adopt one or se v e r a l  e x i s t i n g ,  
prov en , s y s t e m s  as a basis, co m b i n e  th e i r  a d v a n t a g e s  and 
t h u s  cr e a t e  a "new" system. We s h o r t l y  r e c o g n i z e d  that a- 
l o n g  with the a d v a n t a g e s  of a s y s t e m  a r e  a n u m b e r  of u n ­
d e s i r e d  f e a t u r e s  and by co m b i n i n g  two s y s t e m s  the p r o b l e m s  
i n c r e a s e  in g e o m e t r i c  pr op or ti on s.
W e  th er ef or e s t ar te d fr om scratch, d e v e l o p e d  first p r o b l e m  
c h a r t s  (see Fig. 2) and by way of e l i m i n a t i o n  zero ed in on 
m a t e r i a l s  first, c o n s t r u c t i o n  m e t h o d s  second, and e r e c t i o n  
d e t a i l s  third.
W o o d  frame an d steel c o n s t r u c t i o n  w e r e  e l i m i n a t e d  fi rs t 
s i n c e  the r e q u i r e d  fi re ratings r e q u i r e  c o s t l y  me as ur es , 
m a i n t e n a n c e  is high, a high skill f a c t o r  fo r labor is n e c ­
essary, and very l i tt le re du ct io n of on site work is p o s ­
sible.
M a s o n r y  B e a r i n g  Wa ll s &. Co nc re te remained. Very socr we 
r e c o g n i z e d  that this age is c o n f u s i n g  for th e d e s i g n e r  of 
b u il di ng s. Ev er y day a "new" t e c h n i q u e  is c l a i m e d  to be 
de v e l o p e d ,  old te ch ni qu es are be i n g  improved and up da te d,
"new" m a t e r i a l s ,  "new" shapes, "new" g i m m i c k s  - a p p e a r  an d 
di sa pp ea r. It is di f f i c u l t  to d i s t i n g u i s h  ps eu do - from 
va l i d  a d v a n c e s  in b u i l d i n g  t e ch no lo gy . Ho w e v e r  k e e p i n g  i n ­
d u s t r i a l i z a t i o n  and PR O D U C T I O N  as p a r a m o u n t  in m i n d  the v a r ­
io u s  p o s s i b i l i t i e s  of pr ov id in g s h e l t e r  can be n a r r o w e d  down.
An an al ys is of the s t ru ct ur al s k e l e t o n  for b u i l d i n g s  in q u e s ­




Post and beam frame w i t h  n o n b e a r i n g  infill pa nels. 
B e a r i n g  wall systems with:
.21 Bearing ou tside w a l l s  a n d  be a r i n g  p a r t i t i o n s .
Floor s l ab s are ro om s i z e  and “two d i r e c t i o n a l .  
.22 M i ni mu m number of b e a r i n g  walls. F l o o r  sl a b s  
are "l on g span" a n d ’one di re ct io na l. "
Sh el l st ru ct ur e or boxes.
St u d y i n g  the a n at om y of these t y p i c a l  s t ru ct ur es a n d  p r o ­
ce s s i n g  th ei r vari ou s inherent c h a r a c t e r i s t i c s  w i t h  r e g a r d  
to planning, f l e x i b i l i t y  of la yo ut a n d  appe ar an ce , mass p r o ­
pr od uc ti on , erection, li va bi li ty , m a i n t e n a n c e ,  and ccst we 
ob ta in ed , w i t h  the un wr it te n la ws of pr o b a b i l i t y  a p a t t e r n  
o f  s u ff ic ie nt and ef f i c i e n t  s t r u c t u r a l  components.
(see Fig. 3)
E v a l u a t i n g  the vari ou s items, pr o and con, as in d u s t r i a l  a p ­
p r o a c h  to pr od uc in g the one d i r e c t i o n a l  co nc re te b e a r i n g  wall 
sy st em has the ma j o r i t y  o f bu il t in ad va n t a g e s .  E v en w i t h  a 
r e a s o n a b l e  shift of we i g h t s  to wa rd the one or other type of 
c o n s t r u c t i o n  the end result does, not change. Wh ic h prov en 
its su p e r i o r i t y  for the problem u n de r c o ns id er at io n.
On ce the sy st em was deci de d upon, a th o r o u g h  survey of p r e -  
f a t n c a t i o n ,  transp or ta ti on , e r e c t i o n ,  and f i n i s h i n g  wen 
m a d e  - al w a y s  ke eping the pr ob le ms in mind. The r e n ul t ~ w a s  
ar e m b a r r a s s i n g l y  s i mp le system.
4. THE SYSTEM
A m o du la r prec as t bu i l d i n g  co mp on et syst em fe at ur in g:
•1 Precast, s t or y high b e a r i n g  walls wi th d o o r  or w i n ­
dow op en in gs in the t r a n s v e r s e  dTrectioT' the-----
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. . ge production space 
-large storage space 
-easy adoptsblt- to retail 
or large projects 
-gradual build up of ell 
items with narked . 
development pos-. - 
sibla
-4 different production 
lines
-reinforcing cages to b< 
individually tied 
-high labor
-large production space 
-long walking distances 





-poor adaptability to 
changes
-great number of pieces
-many ano various connection 
details
-shipping, storage and s che­
duling difficult,
-most connections to ba fire­
proofed anj finished 

















CONCRETE BEARING WALL 
„  Two Birectioral




-sire of storage aree 
a function of 
project sire 
-gradual build up with 
market develop­
ment
- 2  production lines 
-maximum of mechani­
zation possible 
-no tying of iteel- 
or minimum 
-low labor 







-quality control and 
supervision fool 
proof
-good edeptibility to 
changes
-small number of pieces 
-only one connection detail 
-scheduling simple 
-all connections hidden,no 
finishing, no firepro­
ofing
-weight can be adjusted to 
site condition and 
handling equipment
initiel investment:
can* be snail, ac­














O'*-7 - 5 One directional}
C _ T v v
-forms for wa31s 
floors
-large production space 
~>size of storage erea a 
function of project 
aiza
-gradual build up with 
aaxkat development
-3 production lines 
-maximum of mechaniza­
tion possible 









-quality control and 
supervision fool 
proof
-no adaptibility to 
changes
-large number of pieces 
-two connection detail 
-scheduling involved 
-all connections hidden,
no finishing, no fire­
proof ing
-weight can be adjusted to 
site condition end 
handling equipment
initial investment:
can be small ac­














SHELL OK BOX -one form-however sep­
arate inside and 
outside forms. 
Mechanical details 
of form assembly 
and stripping dif­
ficult
-small production space 
-storage area: extrrmel 
large
-ona production line 
but many sub as­
sembly lines 
-little mechanization 
-great amount of spe­
cial steel, build­




-small number of piacss 
-connection details vary 






-no adjustment to sits con­
dition
-only large projects 
possible
-only limited build 
up with market 
development pos­
sible
















•special handling problaas 
-special joint problems















(site operation) t  
Precast planks
-masonry units are e- 
vailable universe 
ally
-storage at job 




-high aita labor 
-waatnqjt dependant 
-reinforcing K  concrete 
work for high rise 
buildings
-scheduling of masons L  
erection 
-limited Light 
-good adaptability to 
changes
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DEFINITIONS
.2 Extruded, prestressed hollow core floor and rcof
£lmn k s . (see Fig. 5)
's' S S A H C A g J t
Fig. 5 Typical Hollow Cora Planks
machine produced in length up 
to 700 feet and cut to desired 
length. (see Fig.6) Spar and 
depth of planks m b s  to be a 
function of architectural lay­
out and the ratio of cost of 
bearing wall and plank. Keep­
ing in mird the minimum room- 
size requirements as set forth 
by the F.H.A., a module of 14 
to 17 feet in the longitudinal 
direction or a multiple there­
of was architecturally most 
desirable. But since the s qu­
are foot cost of the floor p l a ­
nks. and the cost increase of 
floor, planks,within reasonable 
increase of span is practically 
negligable, a span of 2B to 34 
feet was selected as optimum. 
The optimum plank depth for the 
floor live load of 40 psf was 
then b inches.
.3 Stairs if not used to provide 
lateral stability to tne struc­
ture - can be of a variety of 
materials — steel pans or pre­
cast concrete, and are support­
ed by the bearing walls. (see 
Fig. 7)
Fig. 7 Precast Stairs
.4 Stability of Structure is pro­
vided by semi rigid connections 
through the vertical postten­
sioning (see Fig. 8 &. 9) of flo­
ors and walls for low rise b ui­
ldings, plus additional precast 
shear walls within stair and 
elevator tower for high rise 
buildings. For tower structures 
the layout lends itself to a 
self bracing arrangement of the 
bearing walls. In general the 
stability of every structure is 
checked by a computerized, three 
dimensional multiple fdlded plati 
analysis. (sae Fig. 10a & 10b)




Fig. 9 Rods Ex te n d i n g Floor H e ig ht
.5 S e i s m i c  Loads are t r a n s f e r r e d  th r o u g h  t h e  f l oo r d i ­
a p h r a g m s  to shear w a l l  el e m e n t s  an d v e r t i c a l  wa ll s 
and a b s o r b e d  by h i g h  s t r e n g t h  p o s t - t e n s i o n i n g  t e n ­
dons. The d u c t i l i t y  of the c o m p l e t e  s t r u c t u r e  e- 
qu a l s  or ex c e e d s  t h a t  of a c o m p a r a b l e  st e e l  fr am e 
stru ct ur e, w i t h o u t  c a u s i n g  c r a c k i n g  of the co nc re te 
w a l l s  or e x c e e d i n g  the y i e l d  s t r e n g t h  o f  the post- 
te n s i o n i n g  steel. W h a t e v e r  c o n d i t i o n  is co nt ro ll in g 
g e n e r a l  s t a b i l i t y  or e a r t h q u a k e  - d e t e r m i n e s  the 
nu m b e r  and size of the p o s t - t e n s i o n i n g  tendons.
•6 Fire rating as r e q u i r e d  by local b u i l d i n g  co d e s  is 
a u t o m a t i c a l l y  o b t a i n e d  at no e x t r a  co st and is a 
f u n c t i o n  of c o n c r e t e  c o v e r a g e  si m i l a r  to a c o m p a r a ­
ble c a s t - i n - p l a c e  c o n c r e t e  st ru ct ur e. "U nd e r w r i t e r s  
L a b o r a t o r i e s "  l a b e l s  are a v a i l a b l e  for al l of the 
p r e c a s t  units.
Sound i n s u l a t i o n  
is e x ce ll en t, since 
each a p a r t m e n t  is e n ­
cl o s e d  b y  8 in c h  thick 
c o n c r e t e  w a l l s  and 
h o l l o w - c o r e  s l a b s  of 
8 inch t h i c k n e s s  wi th 
a ma s t i c  l e v e l l i n g  
c o ur se an d flooring.
SOUND TRANSFER RESISTANCE-VERSUS WALL OR FLOOR WEIGHT
Fig. 11 Sound T r a n s f e r  Re s i s t a n c e
.8 S i t e  c o n d i t i o n s  and f o u n d a t i o n s  as v a r i e d  as they
m a y  be, do not i n f l u e n c e  the system, only th e  f o u n d ­
a t io ns . The s t o r y - h i g h  b e a r i n g  wa l l s  are a t  the 
s a m e  t i m e  deep g i r d e r s  s p a n n i n g  full l e n g t h  from 
s u p p o r t  po in t to s u p p o r t  p o i n t  - o r i g i n a t i n g  from 
pile s, ca i s s o n s ,  or sp re ad footing. The c o n v e n t i o n a l  
gr a d e  b e a m  can be el i m i n a t e d .  Thus it is p o s s i b l e  
to s e l e c t  the most e c o n o m i c a l  f o u n d a t i o n  s y s t e m  for 
an y  site. Ir r e g u l a r  or s l o p i n g  sites are a c c o m o d a t e d  
w i t h i n  th e s y st em w i t h o u t  i n t r o d u c i n g  new el e m e n t s .
.9 E r e c t i o n  and c o n n e c t i o n s :  Upon a f o u n d a t i o n  in pl ac e 
(see Fig. 12a), Fi r s t  a w a l l  panel, (Fig. 12b) t h e n  a 
s h e a r  w a l l  or stair to we r unit and th e a d j a c e n t  w a l l  
p a n e l  is erected, f o r m i n g  a rigid, st a b l e  n u c l e u s  from 
w h i c h  t h e  f u rt he r e r e c t i o n  c o nt in ue s. T h r e e - i n c h  d i ­
a m e t e r  c o n d u i t s  are pl a c e d  in the w a l l  p a n e l s  to a c ­
comodate the p o s t - t e n s i o n i n g  rods for the c o n n e c t i o n  
of w a l l  pa ne ls to f l o o r  units. The rods w h i c h  are 
a n c h o r e d  into the f o u n d a t i o n s ,  (seeFig. 12 a) are 
c o n n e c t e d  at f l oo r l e ve l by co up le rs , (see Fig. 13) 
e x t e n d  o n e  f l oo r height, (see Fig. 9 ) and serve as 
r o u g h  a l i g n e m e n t  fo r the p l a c e m e n t  of the w a l l  pa n e l  
by t h r e a d i n g  the pa n e l  ov er the rods, (see Fig. 14)
The l a t e r a l  fi na l a d j u s t m e n t  wh ic h is m a r k e d  on the 
f l o o r  o r  panel b e l o w  can be do ne by hand d u r i n g  the 
l o w e r i n g  of the panel. O n c e  the p a n e l  is l o w e r e d  the 
c r a n e  c a n  u n ho ok w h i l e  the pa ne l is p l u m b e d  with a 
t e m p o r a r y  bu i l d i n g  jack. T h e n  the fl o o r  u n i t s  are 
p l a c e d  ( see Fig. 15) and gr o u t e d  an d p o s t - t e n s i o n i n g  
is do ne , (see Fig. 16) t h us s t a b i l i z i n g  one floor, 
a n d  t h e r e a f t e r  the e r e c t i o n  cy c l e  c a n  co nt in ue , (see 
Fig. 12c) All c o n d u i t s  an d jo in ts a r e  g r o u t e d  w i t h  
an e x p a n s i v e  c e m e n t  grout m i x t u r e  c o n t a i n i n g  an a d ­
d i t i v e  that w a s  s p e c i f i c a l l y  d e v e l o p e d  and t e st ed to 
g u a r a n t e e  no s h r i n k a g e  an d a m i n i m u m  s t r e n g t h  of 4, 00 0 
p s i .
T h e  c r a n e  size d e p e n d s  on h e i g h t  and a c c e s s a b i l i t y  of 
s t r u c t u r e .  A five m a n  c r e w  ( d ep en di ng on lo ca l unions) 
a n d  s e p a r a t e  c r e w  (two m e n )  for p o s t - t e n s i o n i n g  an d 
g r o u t i n g ,  plus a s u p e r i n t e n d e n t  and a h e l p e r  for s u p ­
e r v i s i o n ,  pl an ni ng , and e s t a b l i s h i n g  l e v e l s  (total 
10) c a n  erect up to a b ou t 3 , 5 0 0  sq u a r e  f e et of b u i l d i n g  
a r e a  ( i n c l u d i n g  w a l l s ,  s h e a r  w a ll s an d  fl oo rs ) if re a ­
s o n a b l y  well or g a n i z e d .  The w o r k i n g - i n  of tVie e r e c t i o n  
c r e w  w h i c h  c a n  c o n s i s t  of u n s k i l l e d  labor, ca n be a- 
c h i e v e d  by a s u p e r i n t e n d e n t  w i t h  e x p e r i e n c e  w i t h i n  
th r e e  days, si nc e o n l y  on e type of c o n n e c t i o n  has to 
be m a de .
.10 T o l e r a n c e s  fo r c a s t i n g  an d er e c t i o n  are th e c r i t e r i a  
fo r th e s u cc es s of a p r e c a s t  system. Ha v i n g  t h o r o u ­
gh l y  s t u d i e d  the l i m i t a t i o n s  of c o n v e n t i o n a l  p r e c a s t ­
in g p l a n t s  an d me th od s, we reac he d the c o n c l u s i o n  that 
3 i n c h  to l e r a n c e  (1 -J- in c h e s  plus or minus) for all 
c o n n e c t i o n  d e t a i l s  of w a l l s  to fl oo rs and 3/4 in c h  
to 1 in c h  for d i f f e r e n t i a l  ca mb er of the fl oo r un i t s  
m u s t  be a c c o m o d a t e d ,  w h i l e  fo r the d i m e n s i o n a l  t o l ­
e r a n c e s  of w a l l s  a n d  f l oo r u n it s the same c r i t e r i a  
c a n  a p p l y  as for r e g u l a r  c a s t - i n - p l a c e  c o n c r e t e  c o n ­
s t r u c t i o n .
D i f f e r e n t i a l  c a m b e r  is e l i m i n a t e d  th r o u g h  a ce n t r a l  
sh o r e  li n i n g  up the u n d e r s i d e  of all p l a n k s  or w e d ­
gi ng o f  the sh ea r k e y s  b e f o r e  grouting. Th e re li ab le 
s t r e n g t h  and e x p a n s i v e  c h a r a c t e r i s t i c s  of the gr o u t  
a s s u r e  a p e r m e n e n t  e l i m i n a t i o n  of the d i f f e r e n t i a l  
c a m b e r .  (see Fig. 17)
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0  3-WAUL PANELS
SEPP FI RNKAS S T RU C T U RAL  
S Y S T E M
Fig. 1 4 P l a c e m e n t  of 
Pa n e l  Over 
Rod
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5. THE 5EPP FIRNKAS SYSTEM COMPARED TO EUROPEAN BUILDING SYSTEMS
There do not exist any basic differences in design philos­
ophy between European Codes and U.S. Codes, however, Codes 
and practices here tend to emphasize the conservative ap­
proach. In addition, nearly all parts of the United States 
have been affected by earthquakes to some extent. These two 
considerations lead to a design that accentuates the IMPORT­
ANCE OF CONNECTIONS between prefabricated elements.
The "stacked" method of c o n ­
struction used by the m a j o r ­
ity of European systems rel­
ies mainly on gravity and bond 
connections between the ele­
ments (sea Fig. 18) (REF.)
"in situ" aoncrete. Gravity 
bond and in situ concrete are 
fixed items eliminating the 
ductility of the structural 
system, which is important 
for lateral loads resulting, 
for example, from earthquakes 
or differential settlements of 
footings; also, in situ c o n ­
crete requires the scheduling 
of two different operations - 
one has to wait for the other 
one - and makes erection and 
progress weather-dependent.
In short, we have a "PASSIVE" 
CONNECTION". The strength 
depends on bond and gravity 
with low or zero ductility,
The structural design of the 
elements itself is similar in 
Europe and the United States.
Our connection is an "ACTIVE" DRY CONNECTION in which definite 
CONTROLLED STRESSES are applied to the joint by POST-TENSIONING 
FORCES. This allows an easy variation of connection strength 
depending on intensity of lateral loads without having any in­
fluence on the individual member of the system. A ductility 
equal to a steel frame building can be achieved through high 
strength prestressing steel.
Acceptability of reasonable tolerances represent, in my e x ­
perience, the ultimate key to the success of a prefabricated 
building system. Our joint connections cannot be compared to 
European methods, since the technological approach, labor con­
ditions and construction proctices are entirely different.
The "ACTIVE-DRY" CONNECTION allows a certain "sloppiness" 
within the connection details that does not compound over the 
total building but can be compensated at each floor level. 
Acceptable tolerances can be established for the desired 
accuracy to be obtained for each project. Deviations of 
the design dimensions up to 1" plus or minus can be ab s o r ­
bed by our connection details without structural or erec­
tion disadvantages; and still result in a building that 
falls within tolerances generally specified for comparable 
in situ concrete structures.
6. LIMITATIONS AND BOUNDARIES
To fully exploit and take advantage of a system its lim i ­
tations and boundaries must be established. Unfortunately 
this is only possible through c ostly experience. The one 
directional bearing w a l l  system can be produced and ass e m ­
bled with innumerous variations and still remain within its 
basic efficient and economical range provided its. produc­
tion ground rules are observed.
.1 WALL UNITS:
Maximum product dimensions determined by transportation 
width and capacity of handling equipment. In general: 
larger units are more economical since fewer pieces ha­
ve to be produced, handled, stored, erected and c o n n e c ­
ted. (see Fig. 19) Avoid units beyond maximum product 
dimensions. A combination of smaller units within o ut­
side dimensions should be accomplished.
.11 OPENINGS
Are provided by blockout. Door and window frames if of 
metal can be cast into unit , but cross brace to avoid 
distortion. Openings can move within panel. Lintel 
height above opening a function of width of opening. A- 
void -too many openings since reinforcing and labor incre­
ases. ( see Fig. 19)
.12a INSERTS AND CONNECTION DETAILS
Should not protrude (see Fig. 20) nor be able to float 
within the panel. Layout should always allow fastening 
to form or reinforcing. However, a minimum of unfast­
ening for stripping should be required.
.13a VERTICAL CASTING
With built in, tuned vibration and curing is required 
for max. economy; allows easy quality control; tol e r ­
ances -J-" + ; production cyle can be reduced to 8 hours 
(see Fig. 21 &. 22)
.2 FLOOR UNITS:
Should be with h ollow cores for weight reasons.
Fig. 18
Typical Connec­
tion as used for 
"Ronan Point"
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Fig. 22 Production Time Schedule
.21a STACK EXTRUSION: PRESTRESSED
No inserts nor openings can be provided, must be cut 
after stripping, usually dry cast; rough textured 
finish; differential camber control varies; plank 
width 3' - 4" or 4' - 0"; any length. (see Fig. 23)
.22a SINGLE LINE EXTRUSION:
Prestressed, wet cast (about 1" slump) inserts and 
openings possibe; smooth ceiling finish if cast in 
steel pan; some side form required to avoid wobble 
of edges; camber control good, plank width 4'-0"; 
any length.
.23 FLOW LINE CASTING:
Prestressing for long spans only, wet cast in forms 
that move from station to station, inserts and op­
enings possible, smooth ceiling finish; camber con­
trol good; side forms variable to accommodate any 
width or length variation: maximum width 8'-0", max­
imum length about 40'. Tolerances good, greatest flex­
ibility.
In this connection should be noted that during the last 20 years 
Russia made considerable inroad in connection with mass produc­
tion of buildings, and after experimenting with about 20,000 a- 
partment units of box type production the large size bearing wall 
type proved most successful and was adopted as final in 1964. 
Quoting from a U.S.5.R. report on the production problem: "Large 
size panel systems have been displacing other procedures. In 
this approach each wall, floor and ceiling of a room is designed 
to be factory-produced as a single prefabricated unit, a panel. 
Openings such as doors and windows are easily provided by inserts 
in the panel castings. An entire apartment building containing 
hundreds of family units of two to six rooms each may comprise 
only four to five basic panel types. The building will require 
no framework or skeleton even though it may be up to sixteen (or 
more) stories in height, speed of erection is astounding."
Adding from our own experience within the last 10 years: "Labor 
requirements are considerable simplified by highly repetitive 
job use of skills most of which can be learned within a couple of 
days. The discipline imposed on planning by mass production opens 
new and timely avenues of social consciousness for Architecture 
and construction."
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Fig. 23 5tack E x t r u s i o n  - S p a n c r e t e  - 5 a n- Ve l Plant 
7. SU R V E Y  OF P R O J E C T S  BU I L T
At this time not all p r o j e c t s  can be m e n t i o n e d  here. Only 
t h e  ones wh i c h  br o u g h t  s i g n i f i c a n t  a d v a n c e s  will be d e s ­
cr i b e d  . Fig. 26 P a r k v i e w  A p a r t m e n t s
.1 A C AD EM Y HOMES.I:
1963-64 c o m p r i s e d  202 u n i t s  in the f o rm of du pl ex es , 
flats, and row ho us es (see Fig. 25) on a s t e e p l y  s l o ­
ping site. Site p r e c a s t i n g  v e r s u s  pl a n t  f a b r i c a t i o n  
was t e st ed and w i t h  it f o u r  d i f f e r e n t  type of holl ow 
core sl ab s and a so li d p o s t t e n s i o n e d  r o o m  si ze slab. 
C o n n e c t i o n s  were by the c o n v e n t i o a l  e u r o p e a n  "dowel 
type" p a s s i v e  c o n n e c t i o n  and in very ea r l y  st a g e s  by 
weld plates.
Weld c o n n e c t i o n s  w e r e  e x t r e m e l y  u n s a t i s f a c t o r y  from an 
a p p e a r a n c e  po in t of view, did not have e n ou gh "give" 
for te mp e r a t u r e ,  s h r i n k a g e  and cr e e p  m o v e m e n t s  and a c ­
c o r d i n g l y  cr a c k s  re su lt ed .
The f i n a l l y  ad o p t e d  "p a s s i v e "  do w e l  c o n n e c t i o n  proved 
s t r u c t u r a U y  a d e q u a t e  but had m a j o r  d i s a d v a n t a g e s  in 
pr o d u c t i o n ,  t r a n s p o r t a t i o n  and er ec ti on . Br a c i n g  wa s 
ne c e s s a r y  u n ti l all g r o u t i n g  wa s c o m p l e t e d  an d the 
grout was set; t o l e r a n c e s  even if am p l y  given.
Fig. 25 A c a d e m y  Ho me s I
.2 P A R K V I E W  APAR TM EN TS :
1965 (see Fig. 26) 1st h i g h r i s e  b u i l d i n g  w i t h  305 units. 
All p r e v i o u s l y  gain ed e x p e r i e n c e s  w e r e  taken into a c ­
co un t fr o m  the p l a n n i n g  stage on. To redu ce re qu ir ed 
t o l e r a n c e s  to a mi ni mu m, the do w e l  c o n n e c t i o n  was c o m ­
p l e t e l y  a b a n d o n e d  in f a v o r  of p o s t t e n s i o n e d  co nn ec ti on s. 
P r a c t i c a l l y  no b r ac in g is required, i m p r o v i n g  qual it y 
to such an extent that ev e n  th o u g h  1 in. topp in g was 
p r o v i d e d  for, the owner o m i t t e d  it a f t e r  the floor c o n ­
t r ac to r as s u r e d  him th at he w o u l d  not re q u i r e  to pping 
for the i n s t a l l a t i o n  of tile floors. E r e c t i o n  time 
wa s cut by a f a ct or of three, and e f f i c i e n c y  in cr ea se d 
to 90$ as p r e v i o u s l y  p o i n t e d  out. Ch a n g i n g  from do we l 
c o n n e c t i o n s  to a p o s t t e n s i o n e d  c o n n e c t i o n  su d d e n l y  s o l ­
ved many p r o d u c t i o n  and e r e c t i o n  pr o b l e m s  an d was used 
ever since.
.3 CORAL BEACH:
1968- 1969 (see Fig. 27) 3 to 8 st o r y  b u i l d i n g s  about
40 0 u n i t s  - c o m p l e t e  job t r a i n i n g  of u n s k i l l e d  c r e w  for 
p r o d u c t i o n  an d  erection.
Fig. 27 Coral Be ac h
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.4 ONE B O O K H O L L O W  PL A Z A :
1 9 6 9 - 7 0  (see Fig. 28) A hi g h  ri se b u i l d i n g  - 16 s t o r i e s  - 
1st ti me s y s t e m  w a s  ad a p t e d  for o f f i c e  b u i l d i n g  use.
Fig- 28 B r o o k h o l l o w  Pl a z a  One
.5 D A V E N P O R T  R E S I D E N C E :
1 9 69 -7 0 (see Fig. 29) Hi gh rise Apt. bu il di ng , Y s h a p e d  
plan layo ut , i n t r o d u c e d  s p a n d r e l  b e a m  to el i m i n a t e  
plank m o v e m e n t s  that may be c a u s e d  by d i f f e r e n t i a l  t e m ­
p e r a t u r e  .
PROJECTS
Fimkas System of Modular Construction
Built and Occupied •• Under Construction In Working-Drawing Stage •*** In Preliminary Planning
State Stories Name Location O w ner/Sponsor Architect Units







3 ft 4 Shaw Gardens New London 
(Conn.)





8 Park View Apts. Winchester
(Mass.)
Berndt Realty W illiams ft 
Paige
385
3 ft 4 W estm inster Courts Boston-Roxbury
(Mass.)
Development 





3 to 9 Academy Homes II Boston-Roxbury
(Mass.)
DCA (FHA) Carl Koch 
ft A ssoc.
400
3 to 6 Coral Beach Freeport-Grand
Bahamas
Coral Beach Ltd. Harold Goldman 214
16 One Brookhollow 
Plaza
Dallas Brookhollow Corp. Paul Rudolph
3 ft 4 Northern Canal Lowell, Mass. DCA (FHA) Don Stull Assoc. 258
3 to 8 Coral Beach Freeport-Grand
Bahamas





Hamden, Conn. (FHA - PHA) Weinberg.
Teare
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3 ft 9 Roxse Housing Boston-South End 
(Mass.)
DCA (FHA) Arch. Collab 364
2 Lewiston Housing Lewiston, Me. Turnkey (PHA) Carl Koch 
ft A ssoc.
154
10 Brunswick Housing Brunswick, Me. Turnkey |PHA| Carl Koch 
ft A ssoc.
100
13 Rockland Towers Dorchester, Mass. Turnkey (PHA) W illiam s ft 
Paige
82
4 Boston Infill Boston. Mass. DCA (FHA) Don Stull Assoc. 1000










3 ft 4 North Harvard Boston. Mass. Interfaith
(FHA)
Pard Team 212
9 Fountain Head Framingham, Mass. Andrew J. Lane 
Realty
W illiam s ft 
Paige
605














10 Oneonta Housing Oneonta, N.Y. Oneonta Housing 
Authority (PHA)
Den Hartog 120
8 ft 20 Sheldon Square Hartford, Conn. Omniform, Inc. M. N. Crabtree. 
A ssoc.
276




Interfaith (FHA) Huygens ft 
Tappe
266
14 Quincy Adams Quincy, M ass. Q uincy Adams 
Realty
Don Stull 196
3 Fort Lincoln Washington. D.C. Redev. ft Land 
Agency (FHA)
Harry W eese 220
22 Tai Tung Village Boston. Mass. DCA (FHA) F. A. Stahl 218
32 Lewis Wharf Boston. Mass. W aterfront 
Develop. (FHA)
C arl Koch 
ft A ssoc.
1000
14 Arverne New York. N.Y. S tate  Housing 
Authority (FHA)
C arl Koch 
ft Assoc.
600
T O M O R R O W S  B U I L D I N G  P R O D U C T I O N
From ou r po in t of v i e w  the s y s t e m  as d e v e l o p e d  so far mu st 
be c o n s i d e r e d  as p a r t  of a c o n t i n u o u s  pr o c e s s .  Each job 
done a d ds to k n o w l e d g e  and k n o w h o w  and m u s t  be e x p l o i t e d  
correspondingly fo r the f o l l o w i n g  p r o j e c t .  The d e s i r a b l e  
goal is a b u i l d i n g  sy s t e m  u s i n g  i n d u s t r i a l i z e d  s t a n d a r d  
c o m p o n e n t s  c o m p a t i b l e  w i th 2 0 th c e n t u r y  p r o d u c t i o n  m e t h ­
ods an d t e c h n o l o g i c a l  a d v a n c e s  to a l l o w  b e t t e r  h o u s i n g  at 
a lo w e r  cost.
T o m o r r o w s  b u i l d i n g s  must be m a d e  o f  fireproof, r e l a t i v e l y  
s o u n d p r o o f ,  d u r a b l e  ma t e r i a l s ,  p r e f e r r a b l y  hard, r o t - p r o  
of, and st ab le as w e l l  as h a v i n g  q u a l i t y  to be e a s i l y  f o r ­
med, m a s s  p r o d u c e d  i n to u s e f u l  c o m p o n e n t s .  H e n c e  c c n c r e t e  
will f u r t h e r  be of im p o r t a n c e .  P l a s t i c s  are b e i n g  e x p e r i *  
m e n t e d  w i t h  but do not yet p e r f o r m  s t r u c t u r a l l y  and d o  not 
have a fire r a ti ng yet.
In the ne ar f u tu re a t r a n s i t i o n  of our a c t u a l  c o n c r e  
"p la st ic c o r c r e t e "  w i l l  occur. It wi ll be l i g h t e r  a 
st ro ng er , ha vi ng s t r e n g t h  c h a r a c t e r i s t i c s  c o m p a r a b l e  
st ee l and to c o n c r e t e  in al l o t h e r  re sp ec ts . C e m e n t  
b i n d e r  w i l l  be r e p l a c e d  by e p o x i e s ,  rock a g g r e g a t e s  
pl ac ed by pl an t m a n u f a c t u r e d  a g g r e g a t e s  ma de of ceme 





be r e ­
nt
Build ing p r o d u c t i o n  will be p e r f o r m e d  by a team, c o m p l e
with So c i o l o g i s t ,  de v e l o p e r , fi n a n e ing agency, Ar c h i t e c
Engin e e r , m a t e r i a l  su pplier, f a b r i c ator , e r e c t o r . W h o
will lead this t e a m ?  A m a n a ge m e n t g r o u p ,► g r ow n u p a n d
f amil iar w i th an i n d u s t r i a l vo c a b u l ary.
Fig. 29 D a v e n p o r t  Re s i d e n c e
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